Fig. 3 Measured and modelled S21 for a prototype 5-unit LGT module
Intrinsic parameters were extracted from low-frequency and DC measurements and were not optimum for the design Noise measurements: The noise figure of the device was measured over a wide band using the Eaton noise gain analyser. Without any tuning the module noise and gain performance are shown in Fig. 4 , and from the measurement it can be seen that a relatively flat noise performance is obtained on around 6-5 dB. It is also interesting to note that under the same bias conditions the module gave a -1 dB output power of approaching 100 mW with a third-order intermodulation product of approximately -35 dB. 
Fig. 4 Noise figure and gain for an LGT module as a function of frequency

IDS = I^DSS
Conclusion: A new device, the linear gate transistor (LGT), has been described which combines the advantages of TWF and TWA structures and shows a true growing wave. Predicted performance suggests gains in excess of 9 dB over a 20 GHz bandwidth from a single compact device which does not require cascading. Measured results show encouraging agreement with a new extended computer model. 
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ACCURATE LOOP LENGTH DETERMINATION IN FIBRE-OPTIC SENSORS AND SIGNAL PROCESSORS
Indexing terms: Optics, Fibre optics, Optical sensors, Optical processing
A technique is demonstrated for the accurate determination of differential propagation delays in fibre-optic circuits commonly found in sensing and signal processing arrays, utilising the high-order frequency filtering characteristics of these circuits. Relative time delays for two interferometers can be easily compared to within less than 10 ppm.
Fibre-optic coils used as delay lines are quite common these days in both interferometric fibre-optic sensors, 1 and in fibreoptic signal processors. 2 Two basic forms of fibre circuits using such delay lines are the feed-forward (forward-flow) Mach-Zehnder circuit ( Fig. la) and the feed-backward (backward-flow) recirculating loop (Fig. Ib) . A delay line coil may be inserted into an interferometer to produce a large difference in the propagation delays x x and T 2 ( Fig. la) or into a recirculating delay line to give a large value to the roundtrip delay T (Fig. \b) . Very often there is a need for an accurate determination of the relative propagation delays in such circuits. In sensor arrya, uncompensated imbalances in the various loop lengths require the use of excessively long coherence sources, 3 and/or introduce phase-induced intensity noise. 4 Also, the performance of complicated fibre-optic lattice filters depends critically on the tolerances of the delay line lengths.
5 These tolerances may reach 1 mm in 100 m (10 ppm). In this letter we analyse a measurement technique for T which makes use of the filtering properties of these circuits, when driven by radio frequency (RF)-modulated incoherent sources. In particular, we show that, as far as RF leakage permits, going to higher frequencies monotonically increases the resolution of the measurement. When driven by an RF intensity-modulated optical source, whose coherence length is much shorter than the differential delay T = T X -T 2 , the transfer function T(f) is the sum of the two intensity phasors from the two branches of the circuit:
The coefficients A x and A 2 , both non-negative numbers, depend on the coupling ratios of the two couplers, as well as on the losses in the two branches;/is the RF frequency, T X and T 2 are the branch delays, M(f) measures the amount of modulation at RF frequency/at the output and 6(f) is the frequency-dependent phase of T{f). Since the voltage output of a photodetector is proportional to the incident optical intensity, a logarithmically calibrated network analyser, or spectrum analyser, will display a quantity which is proportional to
= 10 log \_A\ Minima, or notches, occur at
Jnotch for integer i (3)
The depth of these notches, as measured by the peak/ minimum ratio, is
According to eqn. 4, a depth of 50 dB, a practically obtainable value, requires a matching of A x and A 2 to within \A 1 -2I/I^i + ^21 ^ 0003. This tight tolerance can be achieved by either adjusting the couplers C x and C 2 , if they are tunable, or by trimming the transmission of either branch, using bending or similar techniques.
Normally, one is interested in finding the exact value of the differential delay T which, according to eqn. 3, is directly related to the notch frequency. Experimentally, f notch can be determined only to within a certain tolerance A/; a deeper notch results in a smaller A/ Since the experimentally measured M(f) is noisy in the vicinity of a deep notch, we shall choose for the tolerance A/ a value such that M (f nouh ± Af)/M(f nouh ) is less than or equal to a certain threshold (e.g. Interestingly enough, the periodicity of M(/) dictates notches with a fixed width, independent of the notch order. Therefore, the 3 dB normalised width of each notch decreases with the notch order i, and by going to very high frequencies AT/T in the parts per million range is readily achieved. The differential length L is L = v group x. Note that v group and T may vary with the source wavelength and the temperature. Therefore, the acclaimed resolution is achieved only on a comparative basis, e.g. two similar unbalanced interferometers or recirculating loops (as will be discussed later). 
Fig. 2 Experimental set-up
Fibre-optic differential delay was 48-2 m interferometer was about 48-2 m. A spectrum analyser connected to a tracking oscillator was used as the network analyser. After the notch was centred on the spectrum analyser screen, a synthesiser signal was combined with the detector signal in order to ascertain the notch frequency accurately. In Fig. 3 , two photographs of the notches are shown. Fig. 3a shows a notch centred at 137-899 MHz (i = 32); the notch in Fig. 3b is centred at 986-504 MHz (i = 232). Note the similarity in shape. Counting the notches from/= 0, one can find the order i, thereby calculating T (see eqn. 3). Alternatively, two adjacent notch frequencies can be measured; the difference between the two provides a rough approximation to 1/T. Using eqn. 3, a value for the order i of the notch can be obtained. Since it is known that i must be an integer, any error in the value of i can be eliminated. The final value of T is obtained using eqn. 3 and the calculated value of i. The two methods described for obtaining the value of T were compared and found to give the same results.
Once the value of T is obtained, one may trim it to the prescribed value by using any technique which can remove small lengths of fibre, according to 1 1
where L old and x oId are the differential fibre length and propagation delay before adjustment, and L new and z new are the corresponding length and delay after adjustment. In our experiment, matching was accomplished by using capillary tubes to hold the fibres for splicing*, and grinding down and resplicing the capillary tubes when length adjustment was required. Two 48-2 m differential delays were matched with this technique to within 1-5 mm, i.e. to within 31 ppm. The matching was not limited by the measurement technique, but rather by our patience and facility with the splices. Some difficulty was encountered in using very high frequencies due to electronic pickup from the modulating input circuitry. This effect can be minimised by proper shielding. The case of the feed-backward (backward-flow) recirculating system (Fig. \b) is essentially the same. Here, too, proper adjustment of the coupling coefficient and/or loop loss results in deep periodic notches.
6
Summary: A high-resolution technique has been demonstrated for the determination of differential time delays and fibre lengths of fibre-optic systems, incorporating feed-forward and feed-backward circuits. Thus, the differential time delays in two unbalanced interferometers or recirculating loops can be easily compared to within less than 10 ppm.
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GHz TRANSISTOR AMPLIFICATION USING AN HEMT
Indexing terms: Semiconductor devices and materials, Transistors, Amplifiers
Transistor amplification at 94 GHz has been demonstrated for the first time. A single-stage amplifier employing a highelectron-mobility transistor (HEMT) exhibits a small-signal gain of 3-6 dB and an output power of 3-4 mW with 2 dB gain.
Rapid progress in the development of short-gate-length GaAs field-effect transistors (FETs) and high-electron-mobility transistors (HEMTs) has pushed the operating frequencies of these two devices well into the millimetre-wave regime. 60 GHz amplifiers based on the FET 1 " 3 and the HEMT 34 have been reported. In this letter we present initial results obtained at 94 GHz with single-stage amplifiers utilising HEMTs.
780
Device description: The HEMTs used in this work take advantage of the enhanced mobility and velocity of electrons in the two-dimensional electron gas formed at a selectively doped GaAs/AlGaAs heteroj unction. High performance has been achieved through improvements in the design of the device and material structure as well as through reduction of critical parasitic elements. Devices feature quarter-micrometre-long gates with large cross-sectional area to minimise the gate series resistance. 5 The end-to-end resistance of these gate structures is 80 Q/mm, the lowest value reported for 0-25 fim gates. Improvements in the ohmic contact metallurgy and alloying conditions have resulted in low contact transfer resistances-typically 005 Q/mm, and as low as 003 Q mm. A maximum extrinsic DC transconductance of 600 mS/mm has been measured for these HEMTs. The results reported in this letter were obtained for a device with a normalised transconductance of 440 mS/mm. The device geometry consists of a single 50 fxm gate stripe fed at the centre. As depicted in Fig. 1 , multiple source wirebonds have been used to achieve low source inductance. Modelling of 2-20 GHz S-parameter data for devices connected in this fashion indicates an inductance of 10 pH.
Amplifier performance: A 94 GHz microstrip test fixture was developed for device evaluation. The fixture, shown in Fig. 2 , utilises optimally shaped £-field probe transitions from waveguide to 50 Q. microstrip transmission lines fabricated on 013 mm-thick quartz substrates. With a through-connection, the end-to-end fixture loss (including 9 cm of WR-10 rectangular waveguide and 1 cm of microstrip) is 20 dB at 94 GHz, and a return loss of greater than 20 dB is observed Fig. 2 94 GHz test fixture
